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(57) ABSTRACT 

A semiconductor device having a substrate that contains an 
insulating layer and a semiconductor layer provided on the 
insulating layer. The semiconductor also has an optical 
waveguide that is formed along a predetermined path. This 
optical waveguide is formed by making the semiconductor 
layer non-uniformed in thickness thereof. The semiconductor 
further has a photoreceptor having MISFET containing a 
floating channel body that is formed on a position of the 
semiconductor layer in which electric field of light guided 
inside the optical waveguide exists and a gate for forming 
channel formed on a front surface side of the channel body. 
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1. 

OPTICAL WAVEGUIDE AND 
PHOTORECEPTOR 

CROSSREFERENCE TO RELATED 
APPLICATION 

The present invention contains Subject matter related to 
Japanese Patent Application JP 2005-339467 filed in the 
Japanese Patent Office on Nov. 24, 2005, the entire contents 
of which being incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a semiconductor device 

having an optical waveguide for performing an optical com 
munication, and a method of detecting light therefor. 

2. Description of Related Art 
An attempt such that an optical waveguide is formed on a 

silicon Substrate to implement any optical communication 
capabilities has been recently noted because this enables an 
optical substrate and an electric substrate to be combined to 
one chip or an existing manufacturing line for silicon Such as 
a manufacturing line for complementary metal-oxide semi 
conductor (CMOS) can be utilized, or the like. 

Silicon material has transparency on light having a wave 
length of 1100 nm or more. This transparency enables light 
having a band of 1300 nm or 1550 nm, which is used for an 
optical communication of mainline system, to be guided into 
an optical waveguide, so that the silicon material has been 
hoped as optical communication parts for which the light 
having any of these wavelengths is used. In order for the 
silicon material to be used as the optical communication 
parts, various kinds of studies for wavelength filter parts, 
optical amplifier parts, etc. have been carried out. 

If a photoreceptor is formed on the silicon substrate, it is 
necessary to form another material thereon because the sili 
con material has transparency onlight having a wavelength of 
1100 nm or more. Thus, a photoreceptor has been often stud 
ied in which germanium (Ge) is mainly used as light-absorb 
ing material (see an article, "Increasing penetration of optical 
transmission into a case of deice: Precedence by a rooter or a 
portable telephone” of NIKKEI ELECTRONICS published 
on Jun. 6, 2005, by Tesuo NOZAWA, pages 59 through 70 and 
FIG. 11 thereof). 

SUMMARY OF THE INVENTION 

In order to form the photoreceptor employing Ge material 
on the silicon Substrate, however, it is necessary to perform 
any annealing at about 900 degrees centigrade for about 12 
hours at present. This is less Suited for manufacturing a device 
at a low price. 

It is desirable to develop a photoreceptor that can be manu 
factured by applying an existing CMOS manufacturing pro 
cess thereto as it is. It is also desirable to attain at a low costs 
a detection of light guided in an optical waveguide that is 
formed on an insulating layer of the Substrate using semicon 
ductor layers thereon. 

According to an embodiment of the invention, there is 
provided a semiconductor device having a substrate that con 
tains an insulating layer and a semiconductor layer provided 
on the insulating layer. The semiconductor also has an optical 
waveguide that is formed along a predetermined path. This 
optical waveguide is formed by making the semiconductor 
layer non-uniformed in thickness thereof. The semiconductor 
further has a photoreceptor having metal insulator semicon 
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2 
ductor field effect transistor (MISFET) containing a floating 
channel body that is formed on a position of the semiconduc 
tor layer in which electric field of light guided inside the 
optical waveguide exists and a gate for forming channel 
formed on a front surface side of the channel body. 

In the embodiment of the invention, the substrate that con 
tains an insulating layer and a semiconductor layer provided 
on the insulating layer, namely, silicon on insulator (SOI) 
Substrate is used. By making the semiconductor layer non 
uniformed in thickness along a predetermined path allows the 
optical waveguide to be formed along this path. The photo 
receptor is formed corresponding to a predetermined position 
(light-receiving position) along a guide direction of this opti 
cal waveguide. This photoreceptor is constituted of MISFET 
containing a floating channel body that is formed on a posi 
tion of the semiconductor layer in which electric field of light 
guided inside the optical waveguide stays and a gate for 
forming channel formed on a front Surface of the channel 
body. 

For example, the Substrate may include a semiconductor 
Substrate, a first insulating layer formed on the semiconductor 
Substrate, a first semiconductor layer formed on the first insu 
lating layer, a second insulating layer formed on the first 
semiconductor layer, and a second semiconductor layer 
formed on the second insulating layer, in this order (double 
SOI substrate). 
The optical waveguide is formed along the predetermined 

path by making the first semiconductor layer non-uniformed 
in thickness thereof. The channel body of the MISFET is 
formed by the second semiconductor layer or the first semi 
conductor layer. 

For example, the substrate may also include a semiconduc 
tor Substrate, a first insulating layer formed on the semicon 
ductor Substrate, and a first semiconductor layer formed on 
the first insulating layer, in this order. The optical waveguide 
is formed along a predetermined path by making the first 
semiconductor layer non-uniformed in thickness thereof and 
the channel body of the MISFET is formed by the first semi 
conductor layer. 

For example, the Substrate may include a semiconductor 
Substrate, a first insulating layer formed on the semiconductor 
Substrate, a first semiconductor layer formed on the first insu 
lating layer, and a second insulating layer formed on the first 
semiconductor layer, in this order. The optical waveguide is 
formed along a predetermined path by making the first semi 
conductor layer non-uniformed in thickness thereof and the 
channel body of the MISFET is formed by the first semicon 
ductor layer. 
The MISFET detects carrier occurred by two photon 

absorption (TPA) phenomenon generated when light is 
guided in the optical waveguide. The MISFET can be manu 
factured by applying an ordinary CMOS manufacturing pro 
cess thereto as it is, thereby enabling the light guided in the 
optical waveguide to be detected at low costs. 

For example, the MISFET detects the light guided in the 
optical waveguide by a cycle of clearing step of removing 
many carriers remained in the channel body; take-in step of 
accumulating many carriers corresponding to the light guided 
in the optical waveguide onto the channel body for a set 
period of time, after the clearing step; and detection step of 
detecting the many carriers accumulated onto the channel 
body, after the take-in step. 

If using the double-SOI substrate in which the floating 
channel body is formed on the first semiconductor layer con 
stituting the optical waveguide, it is possible to increase num 
ber of carriers accumulated onto the channel body in the 
MISFET, as compared by a case where the floating channel 
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body is formed on the second semiconductor layer that is 
separated from this first semiconductor layer by means of the 
second insulating layer. This allows quality of operating fre 
quency as the photodetector to be improved. 

For example, a local insulating layer that separates a region 
of the first semiconductor layer in which the optical 
waveguide stays from another region of the first semiconduc 
tor layer can be provided with the semiconductor device using 
the double-SOI substrate. This enables respective regions of 
the first semiconductor layer to be separated from each other, 
thereby applying most appreciate Substrate biased Voltage to 
the respective regions of the first semiconductor layer. 

For example, the photoreceptor can be constituted by con 
necting a plurality of the MISFETs in parallel, which are 
arranged along a guide direction of the optical waveguide. 
This allows quality of operating frequency as the photodetec 
tor to be improved because total number of carriers is 
increased in the whole of the plural MISFETs even if less 
numbers of carriers are accumulated onto a channel body of 
One MISFET. 

Thus, according to the embodiment of the invention, the 
light guided in the optical waveguide formed by using the 
semiconductor layer on the insulating layer in the Substrate is 
detected by the photoreceptor having MISFET containing a 
floating channel body that is formed on a position of the 
semiconductor layer in which electric field of light guided 
inside the optical waveguide stays and which corresponds to 
a predetermined position along a guide direction of the opti 
cal waveguide. This enables the light guided in the optical 
waveguide to be detected at low costs. 

The concluding portion of this specification particularly 
points out and directly claims the subject matter of the present 
invention. However, those skilled in the art will best under 
stand both the organization and method of operation of the 
invention, together with further advantages and objects 
thereof, by reading the remaining portions of the specification 
in view of the accompanying drawing(s) wherein like refer 
ence characters refer to like elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram for showing an example of SOC device 
to which the invention is applicable; 

FIG. 2 is a cross-sectional view of the SOC device having 
double-SOI substrate structure; 

FIGS. 3A through 3D are diagrams each for showing a 
manufacturing step of the double-SOI substrate by means of 
SIMOX method; 

FIGS. 4A through 4D are diagrams each for showing a 
manufacturing step of the double-SOI substrate by means of 
lamination (polishing) method; 

FIGS. 5A through 5E are diagrams each for showing a 
manufacturing step of the double-SOI substrate by means of 
lamination (Smart-cut) method; 

FIG. 6 is a cross-sectional view of FBC memory cell, 
which is a memory cell constituting DRAM, for showing a 
configuration thereof; 

FIG. 7 is a diagram for showing a cell array in which plural 
FBC memory cells are arranged in a matrix: 

FIG. 8 is a cross-sectional view of FBC memory cell for 
showing a principle configuration thereof. 

FIG. 9 is a graph for showing a relationship between body 
electric potential and Voltage of word line; 

FIGS. 10A and 10B are diagrams each for showing writing 
operation into the FBC memory cell; 

FIGS. 11A and 11B are a diagram and a graph each for 
showing reading operation out of the FBC memory cell; 
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4 
FIGS. 12A through 12C are graphs each for showing an 

example of setting of Substrate bias Voltage when writing or 
reading data; 

FIG. 13 is a diagram for showing separation of regions and 
region of optical waveguide in order to apply the different 
Substrate bias Voltages thereto; 

FIG. 14 is a diagram for showing separation of regions in 
order to apply the different substrate bias voltages thereto; 

FIG. 15 is a diagram for showing multi-processor IC: 
FIGS. 16A through 16E diagrams each for showing a 

manufacturing step of optical waveguide according to 
SIMOX method; 

FIG. 17 is a perspective view of photoreceptor for showing 
a whole configuration thereof. 

FIG. 18 is a cross-sectional view of the photoreceptor for 
showing an internal configuration thereof; 

FIG. 19 is a diagram for showing a distribution of electric 
field strength for light; 

FIG. 20 is a diagram for showing manufacturing steps of 
optical waveguide; 

FIG. 21 is a diagram for showing hole-storing process 
during light-receiving operation; 

FIG. 22 is a diagram for showing hole-storing process 
during light-receiving operation; 

FIG. 23 is a diagram for showing a clearing step during 
light-receiving operation; 

FIG. 24 is a diagram for showing a clearing step during 
light-receiving operation; 

FIG. 25 is a diagram for showing light-detecting steps 
during light-receiving operation; 

FIG. 26 is a diagram for showing light-detecting steps 
during light-receiving operation; 

FIG. 27 is a graph for showing operation timing of photo 
receptor; 

FIG. 28 is a graph for showing operation timing of photo 
receptor; 

FIG.29 is a cross-sectional view of another embodiment of 
photoreceptor for showing a configuration thereof; 

FIGS. 30A through 30C are diagrams each for showing a 
configuration of further embodiment of photoreceptor; 

FIGS. 31A through 31F are diagrams each for showing 
manufacturing step of the photoreceptor, 

FIG.32 is a diagram for showing a configuration of another 
embodiment of SOI substrate; 

FIG.33 is a diagram for showing a configuration of further 
embodiment of SOI substrate; 

FIG. 34 is a cross-sectional view of still further embodi 
ment of photoreceptor for showing a configuration thereof. 
and 

FIG.35 is a cross-sectional view of additional embodiment 
of photoreceptor for showing a configuration thereof. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The following will describe embodiments of a semicon 
ductor device and a method of detecting light as preferred 
embodiments of the present invention with reference to draw 
ings. FIG. 1 shows an example of system on chip (SOC) 
device 100 to which this invention is applicable. This SOC 
device 100 is a system large scale integrated (LSI) circuit 
constituted of two central processing units (CPUs) 101A, 
101B, dynamic random access memory (DRAM) 102, read 
only memory (ROM) 103, logic IC 104, analog IC 105, serial 
I/F unit 106, parallel I/L unit 107, and an optical port. In the 
SOC device, the optical port 108 is connected to an optical 
fiber 110 to perform a communication to outside. 
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This SOC device 100 is formed so as to have double-SOI 
substrate structure 10. FIG. 2 shows the double-SOI substrate 
structure 10. According to the double-SOI substrate structure 
10, a silicon layer(single crystal silicon layer) 13 is formed on 
a silicon Substrate 11 via an insulating layer 12. A silicon 
layer (single crystal silicon layer) 15 is formed on this silicon 
layer 13 via an insulating layer 14. In this case, the silicon 
Substrate 11 constitutes a semiconductor Substrate; the insu 
lating layer 12 constitutes a first insulating layer, the silicon 
layer 13 constitutes a first semiconductor layer; the insulating 
layer 14 constitutes a second insulating layer, and the silicon 
layer 15 constitutes a second semiconductor layer. 

Such the double-SOI substrate structure 10 can be manu 
factured by means of, for example, SIMOX method, lamina 
tion (polishing) method, lamination (Smart-cut) method, and 
the like. 

The following will describe manufacturing steps of the 
double-SOI substrate by means of SIMOX method (see 
FIGS. 3A through 3D). 

First, an SOI substrate is prepared as shown in FIG. 3A. 
This SOI substrate includes the silicon substrate 11, the insu 
lating layer 12, for example, silicon oxide layer, provided on 
the silicon substrate 11, and a silicon layer 16 provided on the 
insulating layer 12. The silicon layer 16 has such thickness 
that it can be required for an epitaxial growth step and the like. 

Next, as shown in FIG.3B, oxygen ions with a high energy 
are implanted into a Surface of the silicon layer 16 at a high 
concentration. 

It is then annealed at a high temperature, so that the 
implanted oxygen ions and the silicon are reacted to produce 
the insulating layer 14 constituted of silicon oxide layer in the 
silicon layer 16, as shown in FIG.3C. 

Thus, on the silicon substrate 11, the insulating layer 12, 
the silicon layer 13, the insulating layer 14, and the silicon 
layer 15 are formed in this order to produce the double-SOI 
substrate structure 10. 

Next, as shown in FIG. 3D, thickness of the silicon layer 15 
is adjusted to a desired thickness. For example, the thickness 
thereof can be increased by an epitaxial growth step while it 
can be decreased by a formation step of thermally-oxidized 
film and an etching step. 
The following will describe manufacturing steps of the 

double-SOI substrate by means of lamination (polishing) 
method (see FIGS. 4A through 4D). 

First, an SOI substrate is prepared as shown in FIG. 4A. 
This SOI substrate includes the silicon substrate 11, the insu 
lating layer 12, for example, silicon oxide layer, provided on 
the silicon substrate 11, and a silicon layer 16 provided on the 
insulating layer 12. A silicon oxide layer 17 is formed on a 
surface of the silicon layer 13 by means of thermal oxidiza 
tion. The silicon layer 13 has such thickness that it can be 
required for an epitaxial growth step and the like. 

Alternatively, as shown in FIG. 4B, a silicon substrate 18 is 
prepared and a silicon oxide layer 19 is then formed on a 
surface of the silicon substrate 18 by means of thermal oxi 
dization. 

Next, as shown in FIG. 4C, the SOI substrate prepared in a 
case shown in FIG. 4A is laminated with the silicon substrate 
18 prepared in a case shown in FIG. 4B. In this occasion, the 
silicon oxide layer 19 of the silicon substrate 18 is put over the 
silicon oxide layer 17 of SOI substrate and the silicon oxide 
layers 17 and 19 can be adhered to each other by means of 
hot-pressing. 

Further, as shown in FIG. 4D, thickness of the silicon layer 
18 on a surface side thereof is adjusted to a desired thickness 
by chemical mechanical polishing (CMP). Thus, on the sili 
con substrate 11, the insulating layer 12, the silicon layer 13, 
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6 
the insulating layer 14, and the silicon layer 15 are formed in 
this order to produce the double-SOI substrate structure 10. 
The following will describe manufacturing steps of the 

double-SOI substrate by means of lamination (Smart-cut) 
method (see FIGS. 5A through 5E). 

First, an SOI substrate is prepared as shown in FIG. 5A. 
This SOI substrate includes the silicon substrate 11, the insu 
lating layer 12, for example, silicon oxide layer, provided on 
the silicon substrate 11, and a silicon layer 16 provided on the 
insulating layer 12. A silicon oxide layer 20 is formed on a 
surface of the silicon layer 13 by means of thermal oxidiza 
tion. The silicon layer 13 has such thickness that it can be 
required for an epitaxial growth step and the like. 

Alternatively, as shown in FIG. 5B, a silicon substrate 21 is 
prepared. Hydrogen ions are implanted into the silicon Sub 
strate 21 to set a separation position of the silicon Substrate 
21. 

Next, as shown in FIG. 5C, the SOI substrate prepared in a 
case shown in FIG. 5A is laminated with the silicon substrate 
21 prepared in a case shown in FIG. 5B. In this occasion, a 
surface of the silicon substrate 21 is put over the silicon oxide 
layer 20 of SOI substrate and the silicon substrate 21 and the 
silicon oxide layer 20 can be adhered to each other by means 
of hot-pressing. 

Further, these laminated layers are heated up to such the 
temperature as to cause the silicon Substrate 21 to be sepa 
rated by concentration of the ion-implanted hydrogen, as 
shown in FIG. 5D. Thus, the silicon substrate is separated in 
two at the separation position thereof. 

Additionally, as shown in FIG. 5E, the separated surfaces 
of the silicon substrate 21 are polished and finished. Thus, on 
the silicon substrate 11, the insulating layer 12, the silicon 
layer 13, the insulating layer 14, and the silicon layer 15 are 
formed in this order to produce the double-SOI substrate 
structure 10. 

In stead of the silicon substrate 18 in the lamination (pol 
ishing) method or the silicon Substrate 21 in the lamination 
(Smart-cut) method, a Substrate that is composed of germa 
nium, Strained silicon, silicon-germanium, or the like can be 
used to produce a structure similar to the double-SOI sub 
strate structure 10, thereby enabling such the substrate to be 
used instead of the substrate having the double-SOI substrate 
structure 10. 

In stead of the silicon layer 16 in SIMOX method, a sub 
strate in which a semiconductor layer containing germanium, 
strained silicon, silicon-germanium, or the like is formed can 
be used. An insulating layer 14 can be then formed in this 
semiconductor layer to produce a structure similar to the 
double-SOI substrate structure 10, thereby enabling such the 
substrate to be used in stead of the substrate having the 
double-SOI substrate structure 10. 

FIG. 6 shows a configuration of FBC memory cell MC 
constituting DRAM 102 of the above SOC device. As 
described above, the double SOI substrate in which on silicon 
substrate 11, the insulating layer 12, the silicon layer 13, the 
insulating layer 14, and the silicon layer 15 are formed in this 
order is used. The silicon layer 15 is p-type silicon layer. 
The silicon layer 15 is set as a channel body and a gate 

electrode 45 is formed on a surface of the silicon layer 15 via 
gate insulating layer 44. A source diffusion layer 46 and a 
drain diffusion layer 47 are formed into a depth reached to the 
insulating layer 14. Thus, n-channel MISFET as memory cell 
MC is configured. 
A contact plug 48 composed of polycrystalline silicon 

(poly-silicon) and the like is plugged into the silicon layer 13 
between the insulating layers 12 and 14 with the contact plug 
passing through the silicon layer 15 and the insulating layer 
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14. This contact plug 48 is electrically connected to the silicon 
layer 13. This contact plug 48 is used as bias-Voltage-appli 
cation section for applying Substrate-bias-Voltage onto the 
silicon layer 13. 
A local insulating layer 49 is also formed between the 

channel body and the contact plug 48 to prevent the substrate 
bias-Voltage from being applied from the contact plug 48 to 
the channel body. 

The memory cells MC constituting DRAM 102 are respec 
tively arranged in a matrix by their channel bodies that are 
floated by isolation to produce a cell array 51, as shown in 
FIG. 7. In this case, the drain diffusion layer 47 is connected 
to a bit line BL: the gate electrode 45 is connected to a word 
line WL: the source diffusion layer 46 is a fixed potential line 
SL or a ground line; and the contact plug 48 is connected to a 
substrate bias line VL. It is to be noted that the fixed potential 
line SL is omitted in the drawings. 

To the silicon layer 13 corresponding to each of the 
memory cells MC, the substrate bias voltage is applied in 
units of a word line. A local insulating layer 50 extending 
along a direction of the word line WL are formed to separate 
the silicon layer 13 corresponding to each of the memory cells 
MC from one another in units of the word line. 

Operations for writing or reading data into or from the 
memory cell are similar to those of well-known FBC memory 
cell MC(b) that are formed using an ordinary SOI substrate. 
The following will describe a configuration and operations 

of this FBC memory cell MC(b). 
FIG. 8 shows a principle configuration of the FBC memory 

cell MC(b). In this configuration, SOI substrate in which on a 
silicon substrate 301, a p-type silicon layer 303 is formed via 
an insulating layer 302 such as a silicon oxide layer is used. 
The silicon layer 303 is set as a channel body and a gate 

electrode 305 is formed on a surface of the silicon layer 303 
via a gate insulating layer 304. A source diffusion layer 306 
and a drain diffusion layer 307 are formed into a depth 
reached to the insulating layer 302. Thus, n-channel MISFET 
as memory cell MC(b) is configured. 
The memory cells MC(b) are respectively arranged in a 

matrix by their channel bodies that are floated by isolation to 
produce a cell array. In this case, the drain diffusion layer 307 
is connected to a bit line BL: the gate electrode 305 is con 
nected to a word line WL; the source diffusion layer 306 is a 
fixed potential line or a ground line. 

Operation principle of this memory cell MC(b) utilizes 
storage of hole that includes many carriers in the channel 
body (p-type silicon layer 303) of MISFET. In other words, 
when MISFET is operated like pentode by which a large 
amount of channel current flows through the drain diffusion 
layer 307. So that impact ionization occurs near a drain junc 
tion. 

The channel body holds an excess of many carriers (holes) 
generated by this impact ionization, so that such a state is set 
as data, for example, “1” while forward current flows between 
the drain diffusion layer 307 and the channel body and an 
excess of holes held in the channel body then flows to the 
drain diffusion layer 307, so that such a state is set as data, 
“O. 

These items of data, “0”, “1” indicates difference in poten 
tial of the channel body, which are stored as any difference 
based on a threshold value set in the MISFET. Namely, as 
shown in FIG. 9, a threshold value Vth 1 of the data, “1” in 
which potential Vbody of the channel body is high based on 
the hole storage is lower than a threshold value Vth 0 of the 
data, “O'” in which potential Vbody of the channel body is low. 

In order to hold stable the data, “1” in which the holes are 
stored in the channel body, it is hopeful to hold voltage VWL 
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8 
to be applied to the word line WL negative. Such the data 
holding State remains unchanged even if reading operation 
occurs unless writing operation of reverse data is accompa 
nied. Namely, it is capable of nondestructive reading unlike 
DRAM having one transistor/one capacitor by which electric 
charge holding in the capacitor is used. 
The data is basically read out of the memory cells MC(b) 

by means of detection of difference in conductivities of the 
memory cells MC(b). Since a relationship between the volt 
age VWL of word line and the body potential Vbody is shown 
in FIG. 9, if voltage that lies midway between the threshold 
values Vth0 and Vth 1 of the data, “0” and “1” is applied to the 
word line WL and it is detected whether or not current flows 
in the memory cell, the data detection can be attained. Alter 
natively, if voltage that exceeds the threshold values Vth 0 and 
Vth1 is applied to the word line WL and it is detected how 
much current flows in the memory cell, the data detection can 
be also attained. 

FIGS. 10A and 10B show writing operation into the 
memory cell MC(b). FIG.10A shows writing operation under 
a condition of data, “1”. High positive voltage is applied to the 
bit line BL (drain diffusion layer) while high positive voltage 
is applied to the word line WL (gate), so that impact ioniza 
tion occurs near the drain junction as described above, 
thereby causing holes to be stored in the channel body. FIG. 
10B shows writing operation under a condition of data, “0”. 
Negative voltage is applied to the bit line BL (drain diffusion 
layer) while high positive voltage is applied to the word line 
WL (gate), so that p-n junction between the channel body 
(p-type silicon layer 303) and the drain diffusion layer 307 is 
forward-biased, thereby causing holes to be flown out of the 
channel body 303. 

FIGS. 11A and 11B show reading operation out of the 
memory cell MC(b). FIG. 11A shows reading operation 
under conditions of data, “0” and “1”. Low positive voltage is 
applied to the bit line BL (drain diffusion layer) while high 
positive voltage is applied to the word line WL (gate), thereby 
preventing the data from be destroyed by impact ionization. 
FIG. 11B shows a relationship between drain current Ids and 
gate Voltage Vgs when reading. For example, Voltage VWL 
read that exceeds the threshold values V th0, Vth 1 is applied to 
the word line WL and sense amplifier detects difference AIds 
(=I1-IO) in drain currents corresponding to the difference in 
the threshold values V th0 and Vth 1, thereby allowing the 
data, “0” and “1” to be identified. 
The following will describe substrate bias voltage to be 

applied to the silicon layer 13 corresponding to each of the 
memory cells MC that constitutes DRAM 102. 
When writing no data and reading no data, the Substrate 

bias voltage to be applied to the silicon layer 13 (voltage to be 
applied to the substrate bias line VL) is set to a first value, for 
example, -1 V, which can restrain decrease in numbers of 
holes, namely, carriers, stored in the channel body. This first 
value is a value of Voltage Such that it is hard to generate any 
phenomenon to decrease numbers of holes stored in the chan 
nel body (pass-gate leakage phenomenon) even if Voltage 
alters at the bit line (drain diffusion layer) BL when writing or 
reading data of another portion. 
When writing data and reading data, the Substrate bias 

voltage to be applied to the silicon layer 13 is set to any one of 
the following three options (1), (2), and (3): 

(1) When writing items of data, “1” and “O'”, as shown in 
FIG. 12A, the substrate bias voltage to be applied to the 
silicon layer 13 is set to a second value, for example, OV, that 
is suitable for writing: 
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(2) When writing data, “1”, as shown in FIG. 12B, the 
substrate bias voltage to be applied to the silicon layer 13 is set 
to a second value, for example, OV, that is suitable for writing: 

(3) When writing and reading data, as shown in FIG. 12C, 
the substrate bias voltage to be applied to the silicon layer 13 
is set to a second value, for example, O V, that is suitable for 
writing. 
On these options (1) and (2), the Substrate bias Voltage is set 

to the first value, for example OV, which can restrain decrease 
in numbers of holes stored in the channel body except for a 
period of time when writing items of data, “1” and “0” or 
when writing data, “1”. This permits any pass-gate leakage 
phenomenon to be harder to occur even if voltage alters at bit 
line BL (drain diffusion layer), as compared with a case where 
the Substrate bias Voltage is set to the second value. 

Further, on these options (1) and (2), when writing items of 
data, “1” and “0” or when writing data, “1”, the substrate bias 
Voltage is set to the second value that is Suitable for writing. 
This enables Voltage of the bit line BL when writing data to be 
set lower, thereby allowing any pass-gate leakage phenom 
enon to be harder to occurat a location connecting to the word 
line WL, where data is prohibited from being written. 
On the option (3), as compared with the options (1) and (2), 

a long period of time when the Substrate bias Voltage is not 
held to a value which can keep numbers of holes stored in the 
channel body is lapsed. According to the option (3), however, 
it is possible to set a changeover frequency of the Substrate 
bias Voltage to strikingly low one, as compared with the 
options (1) and (2). 

It is assumed that the insulating layer 14 is formed by 
means of SIMOX method or lamination method so that the 
insulating layer can be generally formed thicker than the gate 
oxide layer 44 is formed, this option (3) is seemed to be 
application method of Substrate bias Voltage that is Suitable 
for implementing a high speed record-and-reproduction. 

In the SOC device 100 shown in FIG. 1, a local insulating 
layer 55 for separating the silicon layer 13 one from another 
is provided between the regions in the silicon layer 13, to 
which different substrate bias voltages are to be applied. FIG. 
13 shows regions A and B and region of optical waveguide, 
which will be described. FIG. 14 shows regions of N channel 
and P channel. 

In these cases, a local insulating layer 55 for separating the 
silicon layer 13 one from another is provided between the 
respective regions. Through a contact plug 56 that is formed 
similar to the contact plug 48 in the memory region, prede 
termined substrate bias voltage can be applied to each of the 
regions. This enables most Suitable Substrate bias Voltage to 
be applied to each of the regions of silicon layer 13, thereby 
allowing the highest performance to be attained in the SOC 
device 100. 

It is to be noted that although the SOC device 100 shown in 
FIG. 1 has been provided with two CPUs, 101A, 101B, the 
invention is not limited thereto. For example, as shown in 
FIG. 15, multi-processor IC having six processors, MPU1 
through MPU6 is conceivable. In this IC, all of the processors 
are not active (set on) anytime. For example, specially when 
one high definition (HD) image is simply decoded, IC is 
active but all of the processors therein are not active. 

In this case, if active processors are illustratively the pro 
cessors MPU1 and MPU2, substrate bias voltage that is most 
Suitable when operating can be applied to regions of these 
processors MPU1 and MPU2 whereas substrate bias voltage 
that is most Suitable when waiting can be applied to regions of 
other processors MPU3 through MPU6. 

Further, in the SOC device 100 shown in FIG. 1, optical 
communication can be performed between, for example, 
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CPU 101A and CPU 101B using an optical waveguide. In this 
embodiment, as shown in FIG. 13, the optical waveguide 61 
for optical communication is constituted of the insulating 
layer 12, the silicon layer 13, and the insulating layer 14. In 
this embodiment, uneven portion of the silicon layer 13 as the 
optical waveguide 61 is formed in the silicon layer 13 sand 
wiched between the insulating layers 12, 14. Silicon (Si) has 
refractive index of 3.5 and silicon dioxide (SiO) has refrac 
tive index of 1.5, so that the optical waveguide 61 can be 
constituted of the insulating layer 12, the silicon layer 13, and 
the insulating layer 14. 
The following will describe manufacturing steps of the 

optical waveguide 61 in a case where it is manufactured 
according to SIMOX method with reference to FIG. 16. In 
FIG. 16, like reference characters refer to like elements 
shown in FIG. 3, detailed explanation of which will be omit 
ted. 

First, an SOI substrate is prepared as shown in FIG. 16A. 
This SOI substrate includes the silicon substrate 11, the insu 
lating layer 12, for example, silicon oxide layer, provided on 
the silicon substrate 11, and a silicon layer 16 provided on the 
insulating layer 12. The silicon layer 16 has such thickness 
that it can be required for an epitaxial growth step and the like. 

Next, as shown in FIG. 16B, a silicon oxide layer 22 is 
formed on a surface of the silicon layer 16 by means of 
thermal oxidization. Any pattering is performed on the silicon 
oxide layer 22, so that a mask 23 of silicon dioxide corre 
sponding to the optical waveguide 61 can be formed, as 
shown in FIG. 16C. 

Next, as shown in FIG. 16D, oxygen ions are implanted 
into a surface of the silicon layer 16 with the mask 23 being 
positioned thereon. In this moment, at a location on which the 
mask 23 is positioned, the mask 23 decreases a speed of 
oxygen ion, thereby implementing the oxygen ions shallower 
whereas at a location on which no mask is positioned, the 
mask 23 does not decrease a speed of oxygen ion, thereby 
implementing the oxygen ions deeper. 
As shown in FIG.16E, SOI substrate, to the silicon layer 16 

of which oxygen ions are implemented, is then annealed at a 
high temperature, so that the implanted oxygen ions and the 
silicon are reacted to produce the silicon oxide layer (insulat 
ing layer) 14 in the silicon layer 16. 

Thus, the insulating layer (silicon oxide layer) 12, the 
silicon layer 13, and the insulating layer (silicon oxide layer) 
14 are formed in this order to produce the optical waveguide 
61. It is to be noted that the mask 23 is removed therefrom 
after or before annealing or after a certain degree of annealing 
is carried out. 
The SOC device 100 shown in FIG. 1 is also provided with 

a photoreceptor 70 for detecting an optical signal guided 
through the above-mentioned optical waveguide 61. FIGS. 17 
and 18 show a configuration of the photoreceptor 70. FIG. 17 
shows a whole configuration thereof and FIG. 18 shows a 
cross section thereof. 

This photoreceptor 70 has MOS transistor (PDSOI transis 
tor) as MISFET, which is set on a location corresponding to a 
predetermined location of the optical waveguide 61. In this 
case, p-type silicon layer 15 is set as channel body and on a 
surface thereof, a gate electrode 72 is formed via a gate 
insulating layer 71. A source diffusion layer 43 and a drain 
diffusion layer 74 are also formed toward a depth reached to 
the insulating layer 14. Thus, PDSOI transistor is configured. 
An ordinary photoreceptor operates based on a principle of 

detecting current generated by reception of photon and thus, 
can perform consecutive measure of an amount of light. A 
principle of receiving light in the photoreceptor 70 is based on 
detection whether or not TPA phenomenon generated by 
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light-guiding just before the detection occurs. The amount of 
light is not consecutively monitored in the photoreceptor 70 
and a cycle of this measurement is almost two cycles of MOS 
transistor, thereby enabling high-speed MOS device to be 
manufactured and very rapid response detection of the 
amount of light to be implemented. 
When the optical waveguide 611 guides light, a large 

amount of light (evanescent light) propagating into a portion 
upon this optical waveguide 61 is present therein. This causes 
electric field of light guided in the optical waveguide 61 to be 
existed in the channel body of the PDSOI transistor consti 
tuting the photoreceptor 70. In the photoreceptor 70, TPA 
phenomenon generated by this propagating light is utilized. 

FIG. 19 shows, in the optical waveguide 61 formed in a size 
shown in FIG. 20, a distribution of electric field strength for 
light having a wavelength of 1.55 um that is guided in the 
optical waveguide 61. As clearly shown in FIG. 19, it is seen 
that a large amount of light (evanescent light) propagating 
into a portion upon this optical waveguide 61 is present 
therein. It is to be noted that a unit of size of each of layers 
shown in FIG. 20 is um. 
The following will describe a principle of receiving light in 

the photoreceptor 70. 
As described above, the photoreceptor 70 is based on 

detection whether or not TPA phenomenon generated by 
light-guiding in the optical waveguide 61 just before the 
detection occurs. This occurrence of TPA phenomenon is 
detected on the basis of existence or nonexistence of the hole 
stored in the channel body. 
The following will describe process in which holes are 

stored in the channel body of the PDSOI transistor, namely, 
the photoreceptor 70 based on TPA phenomenon of light 
guided in the optical waveguide 61 with reference to FIGS. 
21, 22. 

First, as shown in FIG. 21, a pair of electron and hole is 
formed by TPA phenomenon at a region in which there is an 
electric field of light. At first, electrons and holes exist equal 
in number. Since traveling speed of electron has several times 
as rapid as that of the hole and thus, the electron can be easily 
traveled as compared with the hole, the electron is rapidly and 
easily reached to the source diffusion layer 73 and the hole 
remains in the channel body. 
The following will describe clearing step performed just 

before the light-detecting steps with reference to FIGS. 23 
and 24. 
The photoreceptor 70 detects the hole remained in the 

channel body of the PDSOI transistor, as described above, 
and it is necessary to provide a step (hereinafter, referred to as 
"clearing step) for removing the hole that may remain in the 
channel body just before the light-detecting steps are per 
formed. 

In order to remove the hole from the channel body in the 
clearing step, drain voltage VD of PDSOI transistor is set to 
negative Voltage, for example, -1 V. So that forward p-n 
junction occurs therein and the hole remained in the channel 
body is then forcibly traveled to the drain diffusion layer 74. 

FIG. 23 shows the clearing step when no light is guided in 
the optical waveguide 13 (61). In this case, almost holes 
remained in the channel body can be perfectly removed. FIG. 
24 shows the clearing step when light is guided in the optical 
waveguide 13 (61), namely, TPA phenomenon occurs. In this 
case, TPA phenomenon generates carriers one after anotherin 
the channel body but almost electrons can be traveled to the 
source diffusion layer and almost holes can be traveled to the 
drain diffusion layer. 
The following will describe light-detecting steps with ref 

erence to FIGS. 25 and 26. The photoreceptor 70 does not 
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12 
determine whether light is guided in the optical waveguide 61 
at a detection period of time, but determines whether a period 
of time when light is guided during a period of time starting 
from a finish of the above clearing step to a detection time is 
long or not. 

FIG. 25 shows an example of a case where a period of time 
when light is guided during a period of time starting from a 
finish of the above clearing step to a detection time is long. In 
this example, at the detection time, the holes generated by 
means of TPA phenomenon during a period of time starting 
from a finish of the above clearing step to the detection time 
remain in the channel body of PDSOI transistor that is the 
photoreceptor 70. It is determined therefrom that the period of 
time when light is guided during a period of time starting from 
a finish of the above clearing step to a detection time is long. 

In order to determine whether or not the holes remain in the 
channel body, gate Voltage VG is set to positive Voltage, for 
example, 1.3 V. When Voltage is being gradually applied to 
the drain diffusion layer 74, change in drain current is 
detected, thereby determining whether or not the holes 
remain in the channel body. This equals to reproduction prin 
ciple in the above FBC memory cell. 

FIG. 26 shows an example of a case where a period of time 
when light is guided during a period of time starting from a 
finish of the above clearing step to a detection time is very 
short. In this example, at the detection time, almost holes 
generated by means of TPA phenomenon during a period of 
time starting from a finish of the above clearing step to the 
detection time not remain in the channel body of PDSOI 
transistor that is the photoreceptor 70. It is determined there 
from that the period of time when light is guided during a 
period of time starting from a finish of the above clearing step 
to a detection time is very short. 
The following will describe operation timings of the pho 

toreceptor (PDSOI transistor) 70 with reference to FIGS. 27 
and 28. FIG. 27 shows an example of drain current if no hole 
remain in the channel body by avoiding light being guided in 
the optical waveguide 61 during a period of acquiring time 
after a finish of the clearing step. FIG. 28 shows an example 
of drain current if the hole remains in the channel body by 
guiding light in the optical waveguide 61 during a period of 
acquiring time after a finish of the clearing step. 
As shown in FIGS. 27 and 28, operations of the photore 

ceptor 70 include three steps constituted of clearing step, 
acquiring step and reading step. Such the few steps of three 
steps can cause its operation frequency to be reduced to a 
frequency that is smaller than response frequency of PDSOI 
transistor (MOS transistor) incomparably. This means less 
deterioration in frequency. If PDSOI transistor has operation 
frequency of about 10 GHz, this transistor can have operation 
frequency of an order of some GHz. 

Although it is necessary that numbers of the holes 
increases to enhance an accuracy of detection in order to 
improve performance relative to operation frequency, when 
numbers of the holes increases by extending a period of 
data-acquiring time, repeat rate of cycles decreases, which 
does not improve performance relative to operation fre 
quency. Further, even when numbers of the holes increases by 
increasing a space between gates to expand the channel body, 
operation frequency of PDSOI transistor deteriorates. This 
shortens a period of data-acquiring time, but does not shorten 
a period of cycle. 

FIG.29 shows an example of improvement of performance 
relative to operation frequency as the photodetector. FIG. 29 
shows a photoreceptor 70A that is capable of shortening a 
period of data-acquiring time and increasing an amount of 
signal as a result thereof by increasing numbers of the holes 
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without increasing a space between gates. In FIG. 29, like 
reference characters refer to like elements shown in FIGS. 17 
and 18, detailed explanation of which will be omitted. 

This photoreceptor 70A is configured so that plural PDSOI 
transistors, four transistors in a case shown in FIG. 29, can be 
arranged along a guide direction of the optical waveguide 61 
and can be connected in parallel to each other. 

According to the photoreceptor 70A, an area of channel 
body can be practically expanded so that numbers of the holes 
existed in the channel body can increase, thereby improving 
performance relative to operation frequency as photodetector. 

Refractive index of Si material is about 3.5. If it is esti 
mated that effective refractive index of light guided in the 
optical waveguide made of Simaterial is three, light is guided 
about 10 cm for a period of time of 1 nsec. Thus, as a principle, 
if the photoreceptor 70A is configured so that plural PDSOI 
transistors are arranged in an area having a length of 10 cm or 
less, this photoreceptor 70A can detect signal of some GHz. 
The photoreceptor in which plural PDSOI transistors are 

arranged in parallel may have increased leakage current(s) to 
deteriorate signal quality, so that number of PDSOI transis 
tors to be connected can be limited. The embodiment, how 
ever, demonstrates that it is not particularly restricted by only 
operation frequency, so that if only practical number of 
PDSOI transistors (for example, less than 100 transistors) are 
arranged along a guide direction of the optical waveguide 61 
and they are electrically connected in parallel to each other to 
produce a photoreceptor, Such the photoreceptor is very effec 
tive device for shortening data-acquiring period of time. 

Although, in FIG. 29, it has been shown that plural PDSOI 
transistors are arranged along a guide direction of the optical 
waveguide 61 in a line, this invention is not limited to this 
arrangement. For example, they can be arranged in plural 
lines or at random. It, however, is necessary that plural PDSOI 
transistors may be arranged in any locations corresponding to 
locations in the optical waveguide 61 where carriers occur by 
means of TPA phenomenon by light guided in the optical 
waveguide 61 and holes remain therein. 

FIGS. 30A through 30C shows a configuration of another 
embodiment of the photoreceptor 70B that is capable of 
improving performance relative to operation frequency as the 
photodetector. FIG. 30A shows a whole configuration 
thereof FIG. 30B shows a cross section thereof taken along 
lines A-A shown in FIG. 30A; and FIG. 30C shows a cross 
section thereof taken along lines B-B shown in FIG.30A. In 
this embodiment, the photoreceptor 70B can increase num 
bers of the holes without increasing a space between gates and 
consequently shorten a data-acquiring period of time to 
increase an amount of signal. In FIGS. 30A through 30C, like 
reference characters refer to like elements shown in FIG. 18, 
detailed explanation of which will be omitted. 

Relating to a forming location of the photoreceptor 70B, a 
rectangle portion is removed from the insulating layer 14 and 
the silicon layer 15. A channel body of PDSOI transistor 
(MOS transistor) constituting the photoreceptor 70B is 
formed in the silicon layer 13 constituting a core of the pho 
toreceptor 61. 

The following will describe manufacturing steps of the 
photoreceptor 70B. 

First, a resist pattern 24 having an opening at a portion 
thereof corresponding to a location in which the photorecep 
tor 70B is to be formed is formed as shown in FIG. 31A. A 
portion of the silicon layer 15, which corresponds to a loca 
tion in which the photoreceptor 70B is to be formed, is 
removed therefrom by means of etching. 

Next, as shown in FIG. 31B, using the resist pattern 24, a 
portion of the insulating layer 14, which corresponds to a 
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location in which the photoreceptor 70B is to be formed, is 
removed therefrom by means of etching. 

Further, as shown in FIG.31C, a resist pattern 25 is formed 
to prevent p-type impurity ion and n-type impurity ion form 
being implanted into the silicon layer 15. Then, the p-type 
impurity ion is implanted into the silicon layer 13 to produce 
p-type silicon layer. A resist pattern 26 is formed on a portion 
of the silicon layer 13 corresponding to the channel body. The 
n-type impurity ion is then implanted into the silicon layer 13 
to produce source diffusion layer 73 and drain diffusion layer 
74. 

As shown in FIG. 31D, the resist patter 26 is then removed 
therefrom, as well as resist patterns 27 are formed on the 
source diffusion layer 73 and the drain diffusion layer 74 and 
gate insulating layer 71 is also formed corresponding to the 
channel body. 

Next, as shown in FIG. 31E, the resist patterns 27 are 
removed and a gate electrode 72 made of polysilicon is 
formed on the gate insulating layer 71. As shown in FIG.31F, 
electrodes are respectively connected to the source diffusion 
layer 73, the drain diffusion layer 74, and the gate electrode 
72 to produce the photoreceptor 70B. 

According to the photoreceptor 70B, the channel body of 
the PDSOI transistor is formed on the silicon layer 13 con 
stituting the core portion of the optical waveguide 61, so that 
an area of the channel body can be expanded to increase 
number of the holes existed in the channel body, thereby 
allowing performance relative to operation frequency as the 
photodetector to be improved. 
As described above, the photoreceptors 70, 70A, and 70B 

respectively have PDSOI transistor(s) that has (have) the 
floating channel body formed on the silicon layer 15 or 13 and 
a gate (gate electrode 72) for forming a channel that is formed 
on a surface side of the channel body, so that an ordinary 
process of manufacturing CMOS can be applied to this manu 
facture process of the photoreceptors as it is. This attains 
detection of light guided in the optical waveguide 61 at low 
price. 

Although, in the photoreceptors 70, 70A shown in FIGS. 
18 and 29, it has been shown that these photoreceptors 70. 
70A have MOS structure such that n-p-n structure of PDSOI 
transistor constituting each of the photoreceptors 70, 70A can 
be arranged along a longitudinal direction of the optical 
waveguide 61 (light-guide direction), these photoreceptors 
70,70A may have MOS structure such that the n-p-n structure 
of PDSOI transistor can be arranged along a direction that is 
perpendicular to the longitudinal direction of the optical 
waveguide 61. 

Similarly, although, in the photoreceptor 70B shown in 
FIGS. 30A through 30C, it has been shown that the photore 
ceptor 70B has MOS structure such that n-p-n structure of 
PDSOI transistor constituting the photoreceptor 70B can be 
arranged along a direction that is perpendicular to the longi 
tudinal direction (light-guide direction) of the optical 
waveguide 61, the photoreceptor 70B may have MOS struc 
ture such that the n-p-n structure of PDSOI transistor can be 
arranged along a longitudinal direction of the optical 
waveguide 61. 

Although, in these above-mentioned embodiments, the 
optical waveguide 61 has been formed so that the silicon layer 
13 sandwiched between double insulating layers 12 and 14 
can have uneven portion extending along a predetermined 
path and light guided in the optical waveguide 61 can be 
detected by the PDSOI transistor, this invention is not limited 
to this. It also can be generally applied to a case where light 
guided in the optical waveguide 61, in which semiconductor 
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layer (silicon layer) formed on the insulating layer of the 
Substrate has uneven portion extending along a predeter 
mined path, is detected. 

For example, as shown in FIGS. 32 and 33, I embody SOI 
substrates 80 and 90 each having an optical waveguide. 
The following will describe the SOI substrate 80 shown in 

FIG. 32. This SOI substrate 80 has a configuration such that 
silicon layer (single crystal silicon layer) 83 is formed on a 
silicon Substrate 81 via an insulating layer (silicon oxide 
layer) 82. The silicon layer 83 is etched to have uneven 
portion extending along a predetermined path, thereby 
enabling the optical waveguide 84 to be formed. It is to be 
noted that the silicon substrate 81 constitutes semiconductor 
Substrate; the insulating layer 82 constitutes first insulating 
layer; and the silicon layer 83 constitutes first semiconductor 
layer. 

The following will describe the SOI substrate 90 shown in 
FIG. 33. This SOI substrate 90 has a configuration such that 
silicon layer (single crystal silicon layer) 93 is formed on a 
silicon substrate 91 via an insulating layer (silicon oxide 
layer) 92. The silicon layer 93 is etched to have uneven 
portion extending along a predetermined path, thereby 
enabling the optical waveguide 94 to be formed. Siliconoxide 
layer 95 covers the optical waveguide 94. It is to be noted that 
the silicon substrate 91 constitutes semiconductor substrate; 
the insulating layer 92 constitutes first insulating layer, the 
silicon layer 93 constitutes first semiconductor layer, and the 
silicon oxide layer 95 constitutes second insulating layer. 

This invention can be applied to a case where light guided 
in any of the optical waveguides 84, 94 of the SOI substrates 
80, 90 shown in FIGS. 32, 33 is detected. In other words, 
relative to the SOI substrate 80, as shown in FIGS. 34,35, by 
forming MOS transistor (PDSOI transistor) as the photore 
ceptor 85 corresponding to a predetermined position along a 
guiding direction of the optical waveguide 84, it is possible to 
detect light guided in the optical waveguide 85. In this case, 
p-type silicon layer 83 is set as channel body and gate elec 
trode 87 is formed on a surface of the p-type silicon layer 83 
via gate insulating layer 86. Source diffusion layer 88 and 
drain diffusion layer 89 are formed so as to have a depth 
reached to the insulating layer 82. Thus, PDSOI transistorican 
be configured. Although detailed explanation thereof will be 
omitted, operations for detecting light in the photoreceptor 85 
are similar to those for the above photoreceptor 70 (see FIGS. 
17 and 18). 

In the photoreceptor 85 shown in FIG. 34, it has been 
shown that the photoreceptor 85 have MOS structure such 
that n-p-n structure of PDSOI transistor constituting the pho 
toreceptor 85 can be arranged along a direction that is per 
pendicular to a longitudinal direction (light-guide direction) 
of the optical waveguide 84. In the photoreceptor 85 shown in 
FIG. 35, it has been shown that the photoreceptor 85 have 
MOS structure such that the n-p-n structure of PDSOI tran 
sistor constituting the photoreceptor 85 can be arranged along 
a longitudinal direction of the optical waveguide 84. 

Relative to the SOI substrate 90, similar to the above SOI 
transistor 80, by forming PDSOI transistor as the photorecep 
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torcorresponding to a predetermined position along a guiding 
direction of the optical waveguide 94 (see FIGS. 34 and 35), 
it is possible to detect light guided in the optical waveguide 
94. 

Although it has been shown in the above embodiments that 
PDSOI transistor is positioned on clad portion (see FIG. 17) 
or core portion (see FIGS. 30, 34, 35) of each of the optical 
waveguides 61, 84,94, PDSOI transistor can be positioned on 
any portion where carriers occur by TPA phenomenon and 
holes remain therein (a position in which electric field of light 
guided in an optical waveguide exists). 

Although the optical waveguide 61 of double-SOI sub 
strate 10 has been manufactured by means of SIMOX method 
in the above embodiments, such the optical waveguide 61 can 
be manufactured by another method. 

According to the above embodiment of the invention, it is 
possible to detect light guided in the optical waveguide 
formed on the semiconductor substrate at low price. Thus, 
this invention can be applied to a semiconductor device in 
which optical communication is performed between or 
among desired functional devices. It should be understood by 
those skilled in the art that various modifications, combina 
tions, Sub-combinations and alternations may occur depend 
ing on design requirements and other factors insofar as they 
are within the scope of the appended claims or the equivalents 
thereof. 
What is claimed is: 
1. A semiconductor device comprising: 
a Substrate that contains a semiconductor Substrate, a first 

insulating layer formed on the semiconductor Substrate, 
a first semiconductor layer formed on the first insulating 
layer, a second insulating layer formed on the first semi 
conductor layer, a second semiconductor layer formed 
on the second insulating layer, a gate insulating layer 
formed on the second semiconductor layer, and a gate 
electrode layer formed on the gate insulating layer, in 
this order; 

an optical waveguide that is formed along a predetermined 
path, said optical waveguide being formed by making 
the first semiconductor layer non-uniformed in thick 
ness thereof, and 

a photoreceptor having MISFET containing a floating 
channel body that is formed by the second semiconduc 
tor layer on a position of the first semiconductor layer in 
which electric field of light guided inside the optical 
waveguide exists and a gate for forming channel formed 
on a front surface side of the channel body. 

2. The semiconductor device according to claim 1, further 
comprising a local insulating layer that separates a region of 
the first semiconductor layer in which the optical waveguide 
is formed from another region of the first semiconductor 
layer. 

3. The semiconductor device according to claim 1 wherein 
the photoreceptor is constituted by connecting a plurality of 
the MISFETs in parallel, said MISFETs being arranged along 
a guide direction of the optical waveguide. 
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